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mm&i mmm 

mmO&ffi) A 1 Ga I nPMlW^fflilf^J/tJl/fx 

x^;i/^-jbvj^^v^I^©A l Gal nPM-&W»^4S^SIi:, m 

IfitfcJi fcOWtc, JhfB pS?5>y KM «fc U t> A 1 *fl^^#A«##A3*iT 
V^3££#£!t£'r£A 1 G a I n P^IS^St^.. 

iW^m2] ±EpSi«tI)i)>G a P#e>fcS3»#£l JCffi*0A 1 
Ga I nP3M83fe3*?. 

[f»*g3 ] ±HJ*AJi#, p|AlGaInP^7«y KJifcte^Ste-T 
1 IC|3«©A 1 G a I nPIW. 

fcjf ^e>J&*»#^l tCfHtt©A 1 Ga I n P^#g3fc3?t^„ 

[ff#«5] liBffAlC^^yrlS^ 2X10 17 cm" 3 «±5Xl 

0 18 cm%t^SMl Kl|a«©A 1 Ga I nP*8«*?. 

[ff*^6] _hlBlfAjff#. AlGaInP^0»f,«:5MllC 

Ki©AlGaInP*»**?. 

[Sf*^7] nSBMMt&^fSaSflt-tJC* 'J>&<itAlGaInP* 

X*^df-3^/jNSV^Jia^©A 1 G a I n P^¥#ftfr<bfc£?§'ffiJii:. MtS'KM 
i V K^t y ^x^;i/^-^t v^MO pSA l G a I nPMt^l 
#*&45^5? Kit, pamflEiSffcJB.tSr^JiUfe^*^^^^**/^ 
x/Mcfc^T, J:SBpa*9y KJI©##\ »<5v*tt±fBpS*^y KJf £ 
±aBpS*SKfi£«Jii:(OraJc, ±fipSj'7y Kli^J^A l«fg©fiv^AJB 
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tfMAZtlT^Z>Z.il*!®mftZ>A 1 Gain P^ftgt^gXli 0 * * 

[»#^8] ±sepm«^m:m#g a p^e>^^n^7tcffi«<DA i 

Ga I nPM^fflxtf^^^tyi/^iA. 

[ff3t3C9] ±fB#AM^ P lAlGaInP^77KIi:M^t 
3«^b&Sff^7(Cfa*C0Al Gal n P^slg^^Mx 

*lfcJf^S>fc£it^7lCga«©A 1 G a I n P^^^Mxtf^ 
iA ( 

[IMll] _h«BlfAM©^-YUT^^ 2Xl0 17 cm" 3 g±5X 
1 0 18 cm~ 3 aTT'fe^«^7tCfa*(?)AlGa I n P^g^HH^Xfcf* 

[1^12] _hs2#AM*\ A 1 Ga I nP&Ottmfrbte&m^l 
izmMOA 1 G a I n PMMitf^ **/-yfrV */\ a 

[0 0 0 1] 

A 1 G a I n P^fiftJfrf&tflS&SWSxif x 7\ JC 

[0 0 0 2] 

A 1 G a I n P^x^f^^t/•Y;l/1^7 3l/^$:Mv^T^^t^Sl«^|g©#^ 
[0 0 0 3] 

H5ttfig3fe©A 1 Ga I nP**&3fe*^f*— KJBxfcf # ^-v;^ xA<Z>^5£ 
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[0 0 0 4] 

i<Z>3ilf **S/*/l/?a:AM:f83fci&B5 9 o nmCDA 1 G a I n P*$&3fc$r>r 

ffl^Sifi (fiOF TMOVPEj £V^ = ) CioTnSGa A S ;ty77f2, 
tl/>Xtt^'j3>IK-ybfenlA 1 G a I nP^5»y KM (Jg*T ^nM? 
^vKIj £Vn? 0 ) 3, 7>K-^AlGaInPffittf (JEHT rjgftjgj £ 
V^o ) 4, K-^lfcplA 1 G a InP^77FI (JS*T r p §ff^^ 

[0 0 0 5] 
[0 0 0 6] 

(l) «S6ifciS:M.6H:«S^e)©««ES:, ^ v ^(DWIjfa^fciif&tciblz. ffiv\ p 
(»5X1 0 18 cm" 3 ) #&JSfcfc*fc tt> i*»K©J6tt«: K- 

[0 0 0 7] 
[0 0 0 8] 

(3) S^CAlGalnP^Mi^Mx^^^i/^;^!^^ 
[0 0 0 9] 

W*«tCK-^Stifc«»lfc«M^e>, plAlGa I nP*9v KJSfcMoT 
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[0 0 10] 
[0 0 1 1] 

[0 0 12] 

±9ZBmzmmt z>t~&>\z^mme>& 1 g a i n p^mytm^-it, niitt 

*%~?Z>mm±lZ. ^<ttiAl Ga I nPMW«#*&^nS^5 
-^tV»M«©pSA 1 Ga I n PM^f FMH* P 

[0 0 13] 

±fa#^lCi0^*^^©A 1 G a I n P&*8#S&^fcj:, pS«»&«:**«G a 

p a* L/^. 

[0 0 14] 

±flB*j£fciff;*.#$SlB(Z>A 1 G a I n P»»3taR-?-tt, iAM^ p§?A 1 G 

a I nP^y K*£#mB^*S#tfj^&&«©jW£UV>. 
[0 0 1 5] 

±fB«miCit!A*5§^(Z)A 1 Ga I n P^ftffHRi, pSjr?? K*2fctf p 
[0 0 16] 

±fB«^JCiD^.*«W© A 1 G a I n P^^lR^tt, #A*©^-Y U 

4 ffl8E4W 11-3093223 
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tt\ 2X1 0 17 c m" 3 J^_L 5 X 1 0 18 cm%n^S©^^ L/V^ 0 
[0 0 17] 

±mmmzm^mm(D A l G a I n P^ftf^ii, #AJf#> A l G a I 
nP&<Z)#^£&3©;W£ UVN D 
[0 0 18] 

^•TS*«JiC 4>fc< ilfcA 1 G a I n P^WI^^iSnS^^ 
K»£, n^7*; FMJ: *J/t> F3?W?3i*)V3?—tf/h2^mj&<DA 1 G a 
I n P&¥m#frbte&f&&M£. fSttMi: U A> K^^x^;^-^t 
t«OplA 1 G a I n P^b^^##:*^ * 9 v KJSh. piitt 

*A l^g<ft{gVA$f AM/WA£ftTV^%©T*&S 0 
[0 0 19] 

±mmmzmx.*mW<DA l G a I nPm38ftfS^fflxfc?#^$/^;W;i:Aki: 
, P SSMISCI^ G a P ^ ^ S O^W t L V^„ 
[0 0 2 0] 

±mMmc$QZ.*3%W<DA l G a I nP^3fef^;ixlf#^>>^;i^; I :A& 
, #AI^ pSA 1 G a I n Pjr5*; Kltjflfl^tS^&fti©^ 

[0 0 2 1] 

±fB#^lC*n^.*^^CDA IGaIn P^^^MxtT # 71/ aiAtt 

[0 0 2 2] 

±IB#^K:iIl7L*»W©A 1 G a I n P^Sftf^ffixtf # * ^/i,? oiAi* 
, jfAM0^r^'J7», 2X10 17 cm" 3 J«±5Xl 0 18 cm" 3 «Ttfe5 
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[0 0 2 3] 

±mW&iZtiUx.$L$&W<DA 1 G a I n P ^m^bB^m^^ $ fl/V x.J\\* 

. nXMiiK AlGa InP^©^^*S0AWtb^ o 
[0 0 2 4] 

*$&m&. nmmn^m-t^&U±iZ, 'i>*<i:tjAlGaInPM^ 

-#/.h3VMlH/*©A 1 G a I n P^fc£4&¥##;fre>fcSiStt»i:, ?gttMJ: U 
A> K^?/^x*^-^^i«©plA 1 G a I n P Rit&m^mifcfr 

#v\) £ p$r?7? KJifcCDlSfic, pS^77 KJf«fc *;%A l»K©i£v*Jf AJf 
[0 0 2 5] 

AlGalnP^LED©!^, «Sttl£«CDSC±*»& P m ? 9 V K 
[0 0 2 6] 

tlfe (#H§¥ 10-25659 8#£t$ft*j£. ) „ Z(Dm&&mZ. 
^TOtSGa PJf©^Htt£4>L-T? ; fo&< L J: ? £V^SMT^Tfc*l£:fc© 

[0 0 2 7] 
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©lE^ifitfei-Sifc^raffltc^ScOTf^titf. pg^5'y KM***, 
Pl?7>y KMfc*8BS£*:Mi:©l8Hc, KM© A IGain Pfj: »J =bA 

, t¥*lcjfc^T?SttM©lE»?s58e*i««®K:fi«'m-5. 
[0 0 2 8] 

*»WtcJ:*i«, pM*^yKM©#*\ &SvU£pM«i»f&:M 
fcpa^5*; KM £ ©ISTfc, pS^5^ KM* UtiAljlJIofiv^e,*!* 

spam&*paut, m&M^<D*tt%KDmm&®±'?&z.inzj:v, ±®mmz 
vmmm£isTmi<^ti%mmwteA i g a i n p^©^*^^*- k&?# 

[0 0 2 9] 
[»W©IIJ6©^J»] 
JStT, *»W©ll3Sfi©^J»&*#HlgK:S^v^T»i*•rs. 
[0 0 3 0] 

0 1 ^^©^HH^x If # 3p J/^A^i /\©-|£&fe©7£Jffi 
T-&5„ H5K:^bfcfi£3l5«i:Pr«©ap«-tctt^S©«F-^€:fflv>fe 0 
[0 0 3 1 ] 

aAs;t777l2, nM (A 1 q 7 Ga y ) Q 5 I n 0>5 P?^y KM 

T rni^yFIj fcv^. ) 3, yy K-y (Ai 0 _ 15 Ga 0 85 ) 05 In 

P*SttJg (JKT r^ttJfj £vO„ ) 4, pi (Al 0<7 Ga 0 3 ) 0 5 I n Q> 
5 P*9yKM (J^T fpIi'^yKIj £v^„ ) 5. pi (Al u Ga Q> 
7 } 0.5 In 0.5 P #AM (JKT r #A«J = ) 7MpSGaPfM 

flfcM (JKT r««5ififS:Mj £v^. ) 6 &JG«fc*MLfc%©T?&<5. 
[0 0 3 2] 

p§?^y KM5 <fc y *A imm<Dfe^W®£ LTlt I^CA IGalnPl 

TpS!*^ KM5*y *a i*ls£©<E^M£#Aif-53£#M£ rtu* 
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A 1 G a I n P^UCf^o £r < , AlGaAsMfi^ AKDZ^fc 

<A£^GaAs m<DffiAT* : &m%tC>]&m®5±%)%:l)m&T*gZ>o 
[0 0 3 3] 

*SA«7(Z>&^f&:S:, T«50pM^5«y F« 5 fc^fi 

^ a -r & x \£ & dp *, -y jim *p^(d x m*&$i & m±-r z> t=. #> t*$> z> . 

[0 0 3 4] 

nxM7oy^^vrmm^2x 1 o 17 cm~ 3 j^±5x 1 o 18 cm"%ri:i/fe 

©tt, ^ U 7SI^ 2 X 1 0 17 c m" 3 «i: y %^£V^ i:, *MJf 7 ©&ffi*S#flK 
[0 0 3 5] 

[0 0 3 6] 

f*A»7©J£3Hu #A®7©A1«S. pS^5*;FI5, «$fsf£i$:Ji6tf> 
[0 0 3 7] 
[0 0 3 8] 

(Hifi« i ) 

#mm<Z>A 1 G a I n P&&ftm?M*V**ri'*n'y 3L/\<n—mMV$Kftt> 

8 ffiH#¥ 11-3093223 
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[0 0 3 9] 

$0. 1 /tmCpg ( A1 o.3 Ga 0.7 > 0.5 1 n 0.5 p ^AJi (#A») 
[0 0 4 0] 

/^Rbfcini^^S/^l/JStfitfX ^£#fa©M$&CD*§,g#?i?£ S I M S T*iB![/£ 
[0 0 4 1 ] 

[0 0 4 2] 
[0 0 4 3] 

»f£«JE (2 0mAii^) til. 9V?* 5 fe. 
[0 0 4 4] 

H3tt*»i©A 1 G a I n PM3tI?|xbf # 3f>>^;i/? a A©ffi©^Jfc 
[0 0 4 5] 

HHtC^-txt:** tfai/Mi, 2 0 n m-fcfaaCD#63&3fc#>f 

[0 0 4 6] 

pS^7yKl5a, 5b0*iCllS?:5XlO 17 cm" 3 K-^LfeJ?2O. 1 
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^mOpM (A 1 02 Ga w ) Q5 I n Q5 P ft P> AM 7 &#A U 

[0 0 4 7] 

0 4 &Bf 3 Km L/fcxtf^^i/^;i/^x/N ^©Ig^mit^CO SIMS ^ 

o 

[0 0 4 8] 

HH <fc »; »; ftUJS 7 © 3 5 T?Jh* o T£ U , t^Mt 

[0 0 4 9] 

Kfy^^KU SWfttt&ai^fcfcrS, #83fem:frti, 1. 3mWe»»J, 

[0 0 5 0] 
(Jt««) 

[0 0 5 1] 

nSGaAsStUlC, MOVPEStni (SeF-^) GaAsAy7 
712, ng(SeF-y) *7VKI3, *SttM4 pM*^ V KM 5 &JE 

[0 0 5 2] 

PS^59 Kl5tt'©MOVPE^lt Ml7 0 0t, ^E*5 0 
Tor rtlT^V ^12, 3, 4 ©J&ibggtt 0 . 3~1. 0nm/s, V/II 
I j£&3 0 0-6 0 OTftfofc. ^SfefflBcMBCDV/III jfcttl 0OT*U, /* 
fi»J|l nm/sT*^Lfe 0 pl^77 Kl5®I»»Sti5X 1 0 17 cm" 3 
T'fey, ««fS[M6©Ga P©3E»»fl!ttl X 1 0 18 cm" 3 T'fe§, 
[0 0 5 3] 

0 6 lZ'&5fc(D x if & ^ 2/ y ^/M*©^ S * fa©IE$&©»£#*|f 5:SIMStI 
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[0 0 5 4] 

S IMS##ftf>MJH> «ffii£«M6<Z>3E»#nM$r^ KM 3, p 
[0 0 5 5] 

^y^JhSKIftgl 5 0 /imCDRTgCD pSII^MUc nStta, ^>f;i/ 
V^A, -y/r;K ^?:-etlf4x6 Onm, 1 0 n m. 5 0 0 n m^MiZMM 
L£„ pSiili, &M$&. &£-£ft^ft 6 0 nm, lOnm, 10 

W^fcJB*, IS^m^^O. 6mWe*y, «g#faifr^*ffi (2 0mAlSH) 
[0 0 5 6] 

[0 0 5 7] 

ffi^^^Mn^ hra/t77^t<, m*n&<Dm-&* nm&zm< 

IfflffijWWflfcSft*. 
[0 0 5 8] 

[0 0 5 9] 



1 1 
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[0 0 6 0] 

#3fcffi#;fttfte«tt#ifif^A i g a i n p&ftftmttxfftytm'f-M^* * 

o 

[02] 
[03] 

#3§I£<DA 1 Ga I nP&ftytttm^\Z**i'*JUV*J\<Dl&<DmtemKL& 
[04] 

[05] 

ta^jfeCDA 1 Ga I nPS^^t- KM^itf * *S/*/l/?:cA©llBfEBT?& 

So 

[06] 

[##©§& 18] 

1 ££« (nSGaAsIS) 

2 nSGaAs/ty77l 

3 ni^7yFM (nSAlGaInP^7>yKI) 

4 ?fr&Ji <T> K-^A 1 G a I n P?SttJf) 
5, 5 a, 5 b pg^7>yKI 

e nrnmsLM (psg 3 Pi«ti) 

1 2 ffigiE# 5 P 11-3093223 
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[01] 



HIS 



(Zn:l X 10i«cm-3) 



pS(Al a3 Ga e . 



(Zn:5XlQi7 C nr3) 



(Zn:5xlQi7cm-a) 

TA'-T (AI^Gao^asliwmH 



7 



nS(Al a7 G a0L3 ) 0>J ln ft8 P57?r 
(Se: 8 x lO^cm-a) 



n M GaAsft* 777j§ 
(Se: 1 x lQiacnr^) 



n fg GaAs g*5 



4 

-3 
-2 
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[02] 



W A® 7 



0 I 9 ,.._ .. 7 * » 



10 



18 




fe* 10 



17 



10 



16 



10 



15 



« — — 





7 73 8 O 9 5!5 10 

$ (jam) 



2 
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[03] 



p m Gap w%i&&m 

(Zn:1 xl0i«cm-3) 



p m (A l a ,Ga a ,) 0 . s I n 0 5 P^75 V B 
(Zn:5X lQi7 cm -3) 



P S (Al* 2 G a< , 9 ) a5 1 n<, s P & A® 

(Zn:5XiQi7 cm -3) 



P S (A 1 a o s I n a S P$7? h* Jf 
(Zn:5x 10i 7 cm-3) 



7>r-r (Al n , ll Ga < ,, 8S ) at ln as %ttJt 



n I? (A l a ,6a,.,) „ 9 I n 05 P^7^ !■* 1 
(Se: 8 x 10'7 cm -3) 



n §3 GaAsA* y7jf§ 
(Se: 1 x iQ»»cm- 3 ) 



n m GaAs g*£ 
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CH4] 



10 



19 



E 
u 

\ 



10 



17 



10 



16 



10 



15 



5a 




2S 




7 7.5 8 8.5 9 9.5 10 



4 
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[05] 



(Zn:l xi()t«c m ^ 



(Zn:5x lQi^cnr 3 ) 



7>K -r (AI B ,, 5 G ao , 8S ) c 5 1n a a ;£tef 
nSKAI 0 .,Ga o . 9 ) 0lJ ln o . s P«7K J§ 
(Se: 8 XlQi7 cm -a) 



n 1^ GaAsM* 77?Ji 
(Se: 1 XlQi«citi-3) 



n 12 GaAs Sfe 
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[mmi ftyb&ji&tfmm&tfis^A 1 g a i n pzkmytm-f-j&tfmybm^m 

m ^ $ ^ v -y ;i/ ? x. j\ § c 

X*K-^SV«©A 1 G a I n PM^ff #A^^StSttl4 

Mtl6 £^Jf L £: otitic pS^7<yF!5a, 5 b <D*j)\ 2bZ> V% 
te«2«f5:Ji6 £ pi^7>y FJ15 £<z>fm&c, P S^5y FJf 5 «fc y ^ A 1 m& 

m&mi m 1 
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ffi m a 



J8'J## (0 0 0 0 05 1 2 0] 

1 • M^StB B 1 9 9 0^ 8I21B 

ft #T OTff^fflgAOfcTI 1#2# 

2 . MM^B B 1 9 9 9^11^260 

ft #t JK&fP^ftfflE^wr— TI 6#i # 



1 
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